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INTRODUCTION
Prescribed burning is a widely used forest management
tool throughout the South. Some 800,000 hectares of forest
land in the South are prescribed burned annually to reduce
wildfire hazard, control undesirable understory species,
improve wildlife habitat, prepare sites and seedbeds, and
control brownspot disease (Scirrhia acicola Dearn) in
longleaf pine (Pinus palustris Mill.) (Cooper, 197~).
Fire also plays an important role in the nutrient
cycling processes of the forest. The organic debris from
live plant material contains substantial amounts of the
nutrients needed by plants. However, the organic residues
must be decomposed before the nutrients are again available
for use (Lutz and Chandler, 1946). The release of nutrients
fr.om biological decomposition is a slow and steady process.
Burning, however, acts to accelerate the decomposition of
organic matter, rapidly releasing the nutrients bound in the
litter layer. Subsequent rainfall may then carry the litter
ash downward into the soil profile or remove it in suspension
with surface runoff waters, depending on site factors such
as relief, soil type, vegetative cover, organic material in
the soil, and climatic conditions.
1
2Chemical elements found in the ash of organic matter
are important for plant nutrition, and nutrient content of
plants is believed to increase after fire in the southern
pine forest. Because controlled burning is an essential
tool for the forest manager in the South, it .is important to
understand the extent to which prescribed burning influences
nutrient content of selected plant species in East Texas
pine forests.
The objectives of this study ares
1. to determine the nutrient value of the litter layer
and its weight reduction from prescribed burning in an
East Texas mixed loblolly pine (Pinus taeda L.)-shortleaf
pine (Pinus echinata Mill.) stand;
2. to determine the extent to which preScribed burning
influences the nutrient content in leaves and twigs of six
selected understory speciesl and
J. to determine whether there are differences in
nutrient, response in plants between a headfire and a backfire.
3LITERATURE REVIEW
Decomposition of Litter
Quantitative studies over a period of many years have
shown a correlation between the normal decompostion of
organic material on the forest floor and the addition of
nutrients returned to the soil (Alway, Kittredge, and
Methley, 1933; Coile, 1937; Waksman, 1938; Lutz and Chandler,
1946; Mader, 1953; Metz, Lotti, and Klawitter, 1961). Litter
and fermentation (L and F) layers were found to be more
dynamic in cycling available nutrients than had previously
been recognized in mixed conifer stands in Washington
(Woolridge, 1968). This was indicated by the high cation
exchange capaci ties ·of these layers, and the greater
concentrations of available phosphorus and exchangeable
potassium.
Leaching of water soluble minerals from the litter and
fermentation layers of the forest floor constitutes the
primary pathway for minerals to move into the soil where
they can be utilized by plants. Bunting (1965) stated that
potassium is the most easily leached followed by phosphorus,
nitrogen, calcium, and magnesium. In areas of heavy rains
and moderate temperatures these elements will be depleted
from the litter rather rapidly. Somewhat different rates of
4leaching in a New Hampshire deciduous hardwood forest were
reported by Gosz, Likens, and Bormann (1973). They found
that concentrations of nitrogen and phosphorus in the litter
increased with time. although they suggest increases in
nitrogen may be due to microbial activity and precipitation
in the forms of summer rains and winter snows. Higher
concentrations of phosphorus were attributed to flowers and
green material in the summer'and undecomposed organic matter
in the winter. Leaching activity rapidly released potassium
and magnesium from the litter; calcium loss was strongly
correlated to weight loss indicating that it is a structural
component of plant material released only by decompo~ition.
Variations are also found in the amount of nutrients
returned to the soil under hardwood and pine stands. Lutz
and Chandler (1946) noted that hardwoods returned approxi-
mately twice as much potassium, calcium, magnesium, and
phosphorus to the soil annually as conifer species.
Although they reported more nitrogen was returned under
conifers than hardwoods. Wells, Whigham. and Lieth (1972)
found that nitrogen in the litterfall of hardwoods was 70
percent greater than that of pine. Both studies showed
about the same amounts of potassium. magnesium. and calcium '
being recycled. Curtis (1974), in a study conducted under
a pine stand in East Texas. reported that the calcium content
of litter was significantly higher in the areas with a high
5understory basal area of hardwood, high litter weight, and
greater variety of yegetation. These factors did not affect
phosphorus, potassium, or magnesium levels in the litter.
Effects of Fire on Litter
Woolridge (1968) noted that burning the Land F layers
greatly decreased the time span within which nutrients were
available to plants. Soil acidity after burning was tempor-
ily reduced by the releasing of calcium, potassium, and other
elements that formed an alkaline ash (Harper, Frank, and
McQuilkin, 1957). The reduced acidity, in the case of acid
soils, may temporarily increase the availability of phosphorus
to plants. The ash minerals and accelerated decomposition
of organic matter combine to stimulate a quick flush of
vegetative growth. Under pine stands of East Texas, however,
Curtis (1974) found that the potential litter nutrient
release returned to the soil from prescribed burning was
not exceptionally high. Nutrient amounts derived from the
litter in terms of kilograms per hectare were 3.5 for
potassium, 39.2 for calcium, 6.5 for magnesium, and 1.8 for
phosphorus.
Much attention has been paid to the effect of prescribed
burning on the release of nitrogen in forest litter. Several
studies have concluded that although substantial losses of
organic nitrogen occur after a burn, mineralization of
6nitrogen through ammonification and nitrification processes
is increased because of the release of base cations from the
ash. The quantity of exchangeable bases required for these
processes is consequently increased in soil (Harper, Frank,
and McQuilkin, 1957; Ahlgren and Ahlgren, 1960; Lewis, 1974;
Kozlowski and Ahlgren, 1974). These studies found that the
increase in mineralized nitrogen could be detected over long
periods of time.
One measure of the effect of burn severity on the forest
floor is made by calculating weight loss in the litter after
a burn. On the Santee Experimental Forest in South Carolina,
Wells (1971) found a litter loss after periodic winter burns
of 7,)00 kg of the 27,000 kg per hectare present before
the burn. When the influence of fire on organic matter on
the forest floor and in the upper 10 cm of mineral soil
was taken into account, the principal effect of burning was
redistribution of organic matter into the profile and not a
reduction.
Effects of Fire on Plants
Physical Effects
The quantity of living understory in a forest stand
killed by burning is dependent on season of the burn,
frequency of burning, and type of fire. In pine-hardwood
stands of East Texas, proportionally more hardwood sterns
7than pine sterns were killed-back, but 90 percent of the hard-
woods sprouted back. During the growing season fires killed
more hardwoods than pines, and sterns of 2.5 to 5 cm diameter
breast height (d.b.h.) were more effectively killed than other
size classes (Ferguson, 1961). Reeves and Halls (1974) reported
that both annual and periodic burning reduced midstory hard-
wood competition. Periodic burning, 'however, resulted in
greater stern survival and greater production of vines and herbs.
Burning in the Georgia Piedmont resulted in a significantly
greater number of sterns of herbaceous vegetation (Cushwa,
Brender, and Cooper, 1966). Hodgkins (1958) concluded that
the first burn in a previously unburned area gave a more
severe kill rate than subsequent burns.
Chemical Effects
Using lettuce and barley plants as indicators, Vlamis
and Gowans (1961) measured more growth from plants in pots
with burned soil than unburned soil. They attributed the
difference to the greater availability of nitrogen and
phosphorus. Wells (1971) experimented with loblolly
pine seedlings grown in pots of soil taken from a burned
area and found that burning had no effect on growth.
However, there was an increase in uptake o~ nitrogen and
phosphorus after a single burn.
DeWitt and Derby (1955) reported that the protein
contents of roundleaf greenbrier (Smilax rotundifolia L.)
8and flowering dogwood (Cornus florida L.) were significantly
higher in the season following a low-intensity fire, but
no effects could be seen in the second year. However, an
increased protein content was still apparent two years after
a high-intensity fire. In western deer ranges, the burning
of logging slash resulted in significantly higher midwinter
protein contents in herbaceous vegetation that could be
detected after three years (Miller, 196)). In Arizona,
shrub species attained higher nutrient levels in burned
areas than unburned areas (Swank, 1956).
Lay (1957) conducted an experiment on the Siecke
State Forest in Texas to study the effects of burning on
nutrient content in each of the four seasons on 10 understory
browse species. Spring, fall, and winter burns were
conducted. The spring burn was the most effective in
increasing protein and phosphorus levels and the October
burn had the greatest effect on calcium levels. The
increase in protein lasted longer than other nutrient
changes, although it had disappeared within two years. The
greatest nutrient changes were found in sweetgum (Liguidambar
styraciflua L.) and American beautyberry (Callicarpa americana
L.), whereas muscadine grape (Vitis rotundifolia Michx.)
exhibited very little change in nutrient content.
/
9Seasonal Distribution of Nutrients in Plants
The greatest part of seasonal growth in most plants
in temperate zones occurs over a short period at the
beginning of the annual growing season. Termination of
shoot growth varies among species (Blair and Halls, 1968,
Halls and Alcaniz, 1965; Kozlowski, 1964). In addition,
changes in nutrient levels are found to occur in the new
tissue as the growing season progresses.
In Connecticut's Black Rock Forest, Mitchell (1936)
found that the concentrations of nitrogen, phosphorus, and
potassium in the leaves of deciduous trees decreased during
the early part of the growing season, then remained constant
during the latter part of the season. Calcium concentrations
progressively increased throughout the season. Leaf (1973)
noted that the drop in concentrations of the. mobile
elements was due to the faster rate of dry matter accumulation.
Calcium, however, accumulated more quickly than dry matter.
The protein content in leaves of understory browse
species is highest in the spring followed by a steady
decrease in concentration as the season progresses except
in those species having late periods of regrowth (Blair and
Halls, 1968; Blair and Epps, 1969; Short, Blair, and Epps,
1975; Short and Harrell, 1969). Usually twig tissue has a
lower proportion of protein than leaves, but follows the
same seasonal pattern found in leaves. Phosphorus content
10
exhibits the same general trend as protein in both leaves
and twigs. However, the decline is usually more rapid,
and concentrations level off during the latter half of the
season.
The seasonal trends in leaf protein content described
above were also reported by Dietz, Udall, Shepherd, and
Yeager (1958) in Colorado. No distinct seasonal patterns
were found in calcium levels. However, in Louisiana, Blair
and Epp~ (1969) found significant increases in calcium
content of both leaves and twigs from spring through
summer.
PROCEDURES
Study Area
A mixed loblolly-shortleaf pine stand located eight
miles west of Nacogdoches. Texas. was selected as the study
area. The study area is located on level to gently sloping
soils of two taxonomic classes. a Grossarenic Paleudult
and an Arenic Plinthic Paleudult. Ages of the pine
overstory ranged from )0 to 60 years. The area has been
under management since 1962 although no thinnings have been
made in the last five years. In addition, the area had not
been burned since management began.
Both headfire and backfire techniques were used in
a prescribed burning treatment of approximately 6 hectares.
A total of 12 sample plots was established in the study
area (Figure 1). Each plot measured )0.4 meters square and
was marked with metal stakes at each corner. Four plots
adjacent to the burned area were used for controls. Eight
plots were established within the area to be burned; four
were burned by a backfire, and four by a headfire. in March,
1975.
Temperature was measured above the forest floor by
using aluminum strips tied to metal rods at 0.3 m intervals
up to 1.5 m above the ground. Heavy marks were made on each
11
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strip with Tempelstiks (Tempil Div., Big Three Ind., Inc., So.
Pl~infield, N.J.) designed to melt at temperatures ranging
from 2600 c to 650 0 C. The maximum air temperature reached at
different heights above the flame would then be indicated by
the melting of the mark coinciding with that temperature.
Aluminum was chosen for its ability to conduct heat.
Sample Collection
Six understory species were selected for study:
American beautyberry (Callicarpa americana L.), flowering
dogwood (Cornus florida L.), sweetgum (Liguidambar styraciflua
L.)" greenbrier (Smilax sp.), Alabama supplejack (Berchemia
scandens Hill), and grape (Vitis sp.). The 12 plots were
selected according to the abundance of each species so as
to have adequate ma~erial to sample. There were several
plots in which one or more species were relatively scarce.
The species were chosen because of their common
occurrence throughout the East Texas area and their general
preference as browse for wildlife. Current leaf and twig
tissue of American beautyberry, dogwood, grape, greenbrier,
and supple jack are considered palatable for deer. Sweetgum,
however, is regarded as unpalatable (Blair and Epps, 1969).
Sampling before the burn was made on October )1-
November 1, 1974. Post-burn sampling was done on June 10-11,
1975, September 15-16, 1975, and June 7-8, 1976.. Samples
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were composited from several plants of each species
throughout each plot. It was occasionally necessary on
the control plots to take samples from the same plant more
than once due to the scarcity of some species. Extreme
care was taken, however, to sample from new plants where
possible.
Current years growth was sampled, up to a height of
1.5 m. Two portions of the 'current years growth--twig
tips and leaves from these twig fractions--were collected for
chemica,l analysis. For shrubs and trees, twig tips were
defined as the terminal 10 cm of stems. For vines, the
terminal 15 cm was considered twig tip. Samples were
immediately placed in polyurethane bags for .storage in the
field.
At the end of the day, the samples were taken to the
laboratory and dried in a forced-draft oven at 600 C for 48
hours. Dried samples were ground with a Wiley mill to
pass a 20-mesh screen and stored in glass bottles until
chemical analysis could be completed.
Litter samples were collected just prior to the burn.
Each plot was divided into 100 3 m square sub-plots. Five
sub-plots were then selected from a table of random numbers.
A 30 cm square impact sampler was used to collect the samples
from the center of each sub-plot. The litter was immediately
placed in numbered,polyurethane bags. The samples consisted
of:
15
1. All dead surface litter to the partially matted
duff layer;
2. Twigs to .64 cm in diameter;
3. All pine cones.
The collected fuel samples were taken to the laboratory
at the end of the day and dried in a forced-draft oven for
24 hours at 60oC. Each sample was weighed in grams and
ground with a Wiley mill to pass a 2 rom screen. The ground
litter was stored in individual sample bags until chemical
analysis could be made.
Collection of litter samples was also made .the first
day following the burn, using the same procedures described
above.
Chemical Analyses
Subsamples of the ground leaf and twig tissues, each
one-half gram in size, were placed in separate covered
crucibles and ashed in a muffle furnace at 480 oC. Each
ashed sample was then dissolved in a few drops of
hydrochloric acid (10 percent HCl) and diluted to a 100 ml
volume with distilled water. Concentrations of the
exchangeable cations (potassium, magnesium, calcium, and
sodium) in the solutions were then determined employing
standard atomic absorption procedures (Soil Sci. Soc. Amer.,
1973). The concentration of phosphorus in the above
16
solutions was determined using the blue molybdate procedure
(Jackson, 1958). The nitrogen content of the foliar
samples was determined by the Kjeldahl method with Winkler
modification. Percent nitrogen content was then multiplied
by a factor of 6.25 to derive the percent crude protein
content.
Concentrations of phosphorus and exchangeable cations
in the litter samples were found using the same procedures
described above for those elements.
Statistical Analyses
Analyses of variance were performed for differences
in protein, calcium, potassium, and phosphorus ~ong the
burning treatments and the four collection dates for the
leaves and twigs of each species. A factorial design with
a fixed model was used to develop F-values for testing the
main effect of treatment and the interaction of treatment
and collection dates.
All F-values found statistically significant at either
the 1 percent level or the 5 percent level were then
analyzed using Tukey's "honestly significant difference" test
incorporating the "Studentized" range table (Steel and
Torrie, 1960).
RESULTS
Nutrient Content of the Litter
Chemical analyses of the litter samples collected just
prior to burning showed no statistically significant
differences among the treatment areas (Table 1). Calcium
concentrations were the highest among all the nutrients,
followed by magnesium, nitrogen, potassium, phosphorus, and
sodium.
Description of the Burning Treatment
The study area was burned on March 20, 1975 beginning
at 12:45 p.m. The temperature was 25.6°C, and the relative
humidity was 39 percent. Winds were from the south at
speeds of 4.8 to 8 kilometers per hour, with gusts up to
11.3 kilometers per hour. The fire was set along an
east-west line running through the middle of the study area
so that the headfire and backfire treatments would be of
approximately equal size.
The treatment area had a heavy period of rainfall in
February, totaling 33.45 cm which was three times greater
than the ii-year mean of 11.05 cm. Consequently, there were
a few spqts on the area that did not burn. The burn was
of low to moderate intensity (Figure 2) on both the headfire
17
Table 1. Nutrient content of litter before burning
tr,eatment.
18
Treatment N P K Ca Mg Na
-------------kilograms / hectare----------------
Unburned 6.0 1.9 4.4 68.3 11. 0 1.4
Backfire 6.1 2.0 4.8 74.9 11.1 1.4
Headfire 6.2 1.9 4.9 83.6 11.4 1.5
Figure 2. Typical view of the backfire treatment.
19
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and backfire areas as indicated by the height of fire scorch
on the trees and the quantity of litter consumed by the fire.
Both treatments consumed the tops of all herbaceous plants,
over half of the leaf litter, and most shrubs and small trees.
The aluminum strips placed in the center of each
sample plot (Figure 3) had melted Tempelstik marks only at
a height of 0.3 m (Table 2). Temperatures in 3 of the 8
plots did not reach 260 0 C, the lowest temperature mark on
each strip.
The weight of litter was reduced 5447 kg/ha, or 63
percent, by the backfire and the headfire consumed 4973
kg/ha, or 58 percent of the litter (Table 3).
Vegetative Composition of the Study Area
Overstory
The pine overs tory was composed of loblolly and short-
leaf pines. The hardwoods in the overstory consisted
predominantly of sweetgum, hickory (Carya sp.), and oak
(Quercus sp.). The basal area and density of pine in the
overs tory was highest in the backfire area and lowest in
the headfire area (Table 4). The unburned area contained
the lowest hardwood basal area and density. The hardwood
basal area was similar in the backfire and headfire areas,
but the density of hardwoods was two times greater on the
backfire site as compared to the other treatment sites.
Figure J. Backfire approaching aluminum strips
used to obtain temperature measurements.
21
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Table 2. Air temperature (oC) at 0.3 m above the forest
floor in sample plots during burning treatment.
Backfire
Plot Temperature
Headfire
Plot Temperature
lTemperature did not reach 260°C.
3
4
5
6
315
ND
260
9
10
11
12
288
371
ND
650
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Table 3. Litter weights before and after burning treatment.
Before After
Treatment burn burn Difference
------------kilograms / hectare------------
Unburned 8568 • . . . . .
Backfire 8590 3143 5447
Headfire 8611 3638 4973
Table 4. Timber stand characteristics in the study area after burning treatment.
Unburned Backfire Headfire
Measurement Pine Hardwood Pine Hardwood Pine Hardwood
Basal area 191 28 205 4J 162 J9
(m2/ha)
Density 21J 74 244 160 176 86
(stems7ha)
Age 42 . . . 41 . . . 44 . . •
(yrs. )
Site index 24 (80) . • . 24 (80) . . . 26 (85) . . .
(m!ft»
N
~
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Site index and age of the pine species were similar on all
three treatment areas.
Midstory
The midstory included all species between 5 cm and
10 em d.b.h. The midstory in the unburned and backfire
areas was dominated by sweetgum and the headfire area
was dominated by flowering dogwood (Table 5). The number
of stems per hectare in the unburned area was over twice
the number in either of the burned treatment areas.
Understory
Species in the understory were defined as those below
2.4 m in height and less than 5 cm d.b.h. The hardwood
tree species such as oak, flowering dogwood, and sweetgum
were lower in density on the burned area compared to the
unburned area (Table 6). The same trend was true for the
pine species. Alabama supplejack and grape were considerably
higher in density on the burned area than on the unburned
area whereas greenbrier was slightly lower.
Effects of Burning Treatment on the Six Species
Alabama Supple jack
The results of chemical analysis for six nutrients in
Table 5.
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Number of plant stems in the midstory after
burning treatment.
Species Unburned Backfire Headfire
------stems / hectare---------
Sweetgum
(Liguidambar styraciflua L.)
Flowerinv, doewood
((;ornur; n oricla L.)
Oak
(Quercus sp.)
Pine
(Pinus sp.)
Elm
(Ulmus sp.)
Hickory
(Carya sp.)
Blackgum
(Nyssa syl~atica Marsh.)
Maple
(Acer sp.)
Sassafras
(Sassafras albidum Nees.)
Fringetree
(Chionanthus virginicus L.)
Rusty blackhaw
(Viburnum rufidulum Raf.)
Hawthorn
(Crataegus sp.)
Totals
885
75
126
96
48
33
36
27
39
51
3
3
1422
240
30
63
117
6
9
3
24
3
6
12
9
522
117
150
102
51
90
9
24
3
o
3
3
6
558
Table 6. Number of plant'stems in the understory after burning treatment.
Species Unburned Backfire Headfire
--------------stems / hectare----------------
Pine 39556 248 744
(Pinus sp.)
Alabama supple jack 9424 15996 26288
(Berchemia scandens Hill)
Greenbrier 15128 10292 13392
(Smilax sp.)
Grape 7688 40548 39556
(Vi tis sp.)
Oak 7812 7564 4464
(Quercus sp.)
Flowering dogwood 6076 620 1364
(Comus florida L.)
Sweetgum 3472 1116 1736(Liguidambar styraciflua L.)
Other trees 1 5580 2852 7316
1 3100 4092 6944Other shrubs
Other vines 1 44764 59272 62496
N
1~ppen~1x A contains a complete list of the species in these categories. --J
Alabama supple jack over all treatments and collection dates
are presented in Table 26.
Statistically significant increases in the protein
content of the leaves were found in the first collection after
the burn in both the backfire and headfire areas (Table 7).
A significant increase was detected a year later in the
June, 1976 collection, but only in the backfire area. When
all collection dates were combined, statistical analysis
showed highly significant increases in leaf protein content
from both backfire and headfire treatments.
The twigs followed the same trend as the leaves, with
statistically significant increases by both headfire and
backfire treatments in the first collection following the
burn, and by the backfire at the last collection date
(Table 7).
The leaves of Alabama supple jack showed highly
significant decreases in calcium content from both burning
treatments and the effect lasted through all collection
dates (Table 8). However, statistically significant
decreases in the calcium content of the twigs were detected
in the backfire and headfire areas from the mean of all
collection dates only.
Potassium in the leaves of Alabama supple jack was
significantly increased by both burn treatments only in the
first collection following the burn (Table 9). However,
potassium was significantly higher in the headfire area one
Table 7. Protein content (percent of ovendry weight) in leaves and twigs of
Alabama supple jack as influenced by threr burning treatmentsand date of collection.
Date of collection
Burning
Oct-74 June-76treatment June-75 Sept-75 Mean
Leaves
Unburned 9.84 10.75 9.33 10.20 10.03
Bac"kfire 10.83 15.89** 12.00 14.46** 13.29**
Headfire 9.16 16.15** 12.52 13.41 12.81 'i:-*
Twigs
Unburned
Backfire
Headfire
4.10
4.08
4.61
5.46
10. 38*~·
9.79**
3.91"
4.80
4.56
6.10
9.24*
8.60
4.89
7.12**
6.89**
lSee Tables )2 and )6 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. N\0
able 8. Calcium content (percent of ovendry weight) in leaves and twigs of
Alabama supple jack as influenced by threr burning treatmentsand date of collection.
Date of collection
Burning
treatment
Unburned
Bac'kfire
Headfire
Oct-74
2.83
2.81
2.40
June-75 Sept-75 June-·76 Mean
Leaves
2.10 3.25 2.18 2.59
1.01** 1.71** 0.76** 1.57**
1.06-:a 2.32* 0.89** 1.69**
Twigs
Unburned
Backfire
Headfire
1.35
1.16
1.05
0.94
0.99
0.36
1.64
0.61
0.92
0.~9
0.24
0.39
1.15
0.75*
0.68**
1See Tables 33 and 37 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. \...tJ
o
Table 9. Potassium content (percent of ovendry weight) in leaves and twigs of
Alabama su;~lejack as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
treatment
Unburned
Bac'kfire
Headfire
Oct-74
1.24
1.06
1.29
June-7.5 Sept-7.5 June-·76 Mean
Leaves
1.49 1.3.5 1 • .52 1.40
1.92-:1-* 1.48 1.1'4 1 . .55*::-*
1.86** 1.29 1.86* 1 •.58**
Twigs
Unburned 0.63 0.98 0 . .58 1.18 0.84
Backfire 0.46 1.69** 0.80 1 • ,5J!.} 1.12**
Headfire 0.64 1.29 0.69 1. ,51+ 1.04*
lSee Tables 34 and 38 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.0.5 level of probability. \.....)~
32
year later. Combining all collection dates showed highly
significant increases from both burning treatments.
Significant increases in the potassium content of the
twigs occurred only in the backfire area at the June, 1975
sampling date, although both burn treatments significantly
increased potassium when all collection dates were combined
(Table 9).
Phosphorus concentrations in the leaves of Alabama
supple jack were significantly increased by both burning
treatments and the effects lasted through the last date of
collection (Table 10). The difference narrowed however, to
less than statistically significant levels in September, 1975
on the backfire area.
The twigs exhibited a different pattern in phosphorus
response to burning. Both burning treatments signif~cantly
increased phosphorus only in the first collection period
following the burn (Table 10). Phosphorus levels were
not sign~ficantly different from the unburned area in the
last two collection periods, except for June, 1976 in the
headfire area.
American Beautyberry
A summary of the nutrients analyzed in the leaves and
twigs of American beautyberry over all treatments and collec-
tion dates is found in Table 27.
Table 10. Fhosphorus content (percent of ovendry weight) in leaves and twigs of
Alabama supplejack as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
treatment
Unburned
Backfire
Headfire
Oct-74
0.09
0.09
0.10
June-75 Sept-75 June-76 Mean
Leaves
0.11 0.09 0.11 0.10
0.20** 0.12 0.19** 0.15**
0.22** 0.13* 0.20** 0.16**
Twigs
Unburned 0.06 .0.08 0.06 0.12 0.08
Backfire 0.07 0.19** 0.08 0.16 0.13**
Headfire 0.07 0.18** 0.08 0.19* 0.13**
-
lS ee Tables 35 and 39 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. \...V\...V
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The backfire was the only burning treatment that
significantly affected the protein content in the leaves of
American beautyberry and the effect was measured only in
the first June collection period following the March, 1975
burn (Table 11). The mean of all collection dates showed
statistically significant increases in leaf protein content
also only in the backfire area.
Protein in the twigs, however, was increased to
statistically significant levels by both burn treatments,
but only at the June, 1975 collection date (Table 11). The
mean of all collection dates showed highly significant
increases in protein from both burning treatments.
Calcium response to burning ih the leaves of American
beautyberry was not detected in anyone collection period
(Table 12). However, when all dates of collection were
combined, highly significant decreases in calcium were
the twigs was not affected by burning at any time.
Potassium was affected by burning only in the twigs of
American beautyberry (Table 13). Statistically significant
increases occurred during the first June collection
following the burn, then narrowed throughout the other
collection dates.
Highly significant increases in the phosphorus content
of the leaves occurred from both burning treatments but
Table 11. Protein content (percent of ovendry weight) in leaves and twigs of
American beautyberry as influenced by three burning treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leaves
Unburned 9.25 14.96 10.68 15.95 12.71
Backfire 8.74 20.72* 10.67 17.70 14.46*
Headfire 8.03 16.13 11.13 15.66 12.74
Twigs
Unburned 6.64 8.11 5.54 8.64 7.23
Backfire 6.72 13.39** 5.67 9.98 8.94**
Headfire 6.44 12. 48*~' 6.06 9.77 8.69**
lS ee Tables 40 and 44 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. 'vJV\
Table 12. Calcium content (percent of ovendry weight) in leaves of American
beautyberry as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
June-76treatment Oct-74 June-75 Sept-75
Unburned 1.85 0.84 1.31 0.79
Backfire 1.91 0.41 0.99 0.35
Headfire 1.72 0.27 1.21 0.43
Mean
1.20
0.92**
0.91**
1- - --
See Table 41 for analysis of variance.
**Significant at the 0.01 level of probability.
\"J
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Table 13. Potassium content (percent of ovendry weight) in twigs of American
beautyberry as influenced by three burning treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76
--
Unburned 0.93 2.55 1.26 2.52
.
-
Backfire 0.76 3.22* 1.34 2.24
Headfire 0.87 3.22* 1.20 2.48
Mean
1.82
1.89
1.94
l See Table 46 for analysis of variance.
*Significant at the 0.05 level of probability.
\....l
"'l
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only in the June, 1975 collection following the March, 1975
burn (Table 14). The differences were also significantly
higher after both burn treatments when all collection dates
were combined. Phosphorus response to burning in the twigs
followed the same pattern as found in the leaves.
Flowering Dogwood
Calcium and potassium concentrations did not show
statistically significant responses to burning in either the
leaves or twigs of flowering dogwood. The results of
chemical analyses for these and the other nutrients are
found in Table 28.
The leaves of flowering dogwood showed varied protein
responses between the two burning treatments (Table 15).
The headfire increased protein to a highly significant level
in the June, 1975 collection after the March, 1975 burn,
but no statistically significant increases occurred from
the backfire treatment at anyone time period. However,
significant increases from both burn treatments were found
when all collection dates were combined.
A different pattern was found in the twigs in that no
significant changes were detected at any of the sampling
dates (Table 15). However, both burning treatments did
significantly increase protein levels as indicated by the
mean of all collection dates ..
Table 14. Phosphorus content (percent of ovendry weight) in leaves and twigs of
American beautyberry as influenced by three Durning treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leaves
Unburned
Backfire
Headfire
0.14
0.10
0.12
0.18
o. 26~-*
0.25**
0.14
0.13
0.19
0.20
0.23
0.22
0.16
o. 18-l:-
0.19';:-*
Twigs
Unburned 0.09 0.14 0.08 0.15 0.12
Backfire 0.08 0.24** 0.09 0.17 0.14**
Headfire 0.08 0.24** 0.11 0.19 0.15i:-*
l See Tables 43 and 47 for analyses of variance of leaves ar-d twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. Iv.>
'"
Table 15. Protein content (percent of ovendry weight) in leaves and twigs of
flowering dogwood as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leave§.
Unburned 8.08 9.17 7.88 9.08 8.55
Backfire 8.44 11.74 8.08 10.72 9.74*
Headfire 8.77 14.08** 8.6.3 9.99 10 . .37**
Twig§,
Unburned 4.0.3 4.64 .3.80 4.~0 4.19
Backfire 5.02 6.58 4.98 5.81 5.60**
Headfire 4.91 6 . .36 4.89 4.74 5.22**
lSee Tables 48 and 52 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. .{::-
o
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Phosphorus concentrations in the leaves of flowering
dogwood showed highly significant increases from both
burning treatments, but only in the first collection following
the burn (Table 16). Thereafter, no significant differences
were detected. Phosphorus was also significantly higher in
both burned areas after all collection dates were combined.
The twigs exhibited the same pattern of phosphorus response
to burning as found in the leaves.
Sweetgum
No statistically significant differences from burning
were found in the potassium content of the leaves and twigs
of sweetgum. Chemical analysis results for potassium and
the other nutrients can be found in Table 29.
There were no significant differences in protein levels
from burning in the leaves of sweetgum at anyone collection
date (Table 17). When all collection dates were combined,
only the headfire increased protein content in the leaves
to a statistically significant level.
The twigs did show a highly significant increase in
protein from backfire treatment in June, 1975 following the
March, 1975 burn (Table 17). In contrast with the leaves,
protein levels were significantly increased by the backfire
when all collections were combined.
Samples taken of sweetgum leaves in October, 1974,
Table 16. Phosphorus content (percent of ovendry weight) in leaves and twigs of
flowering dogwood as influenced by three burning treatments
and date of collection. l
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leaves
Unburned 0.09 0.10 0.09 0.10 0.10
Backfire 0.09 0.15** 0.09 0.12 0.11**
Headfire 0.10 0.16** 0.11 0.12 0.12**
Twigs
Unburned
Backfire
Headfire
0.08
0.08
0.08
0.08
0.13**
0.13**
0.07
0.08
0.09
0·97
0.09
0.09
0.07
0.09**
0.10**
lS ee Tables 51 and 55 for analyses of variance of leaves and twigs. respectively.
**Significant at the 0.01 level of probability.
+:-
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Table 17. Protein content (percent of ovendry weight) in leaves and twigs of
sweetgum as influenced by three burning trea7=ents
and date of collection. 1
Date of collection
Burning
June-76treatment Oct-74 June-75 Sept-75 Mean
Leaves
Unburned 10.60 12.73 9.94 12.00 11.32
Backfire 9.62 13.75 10.91 14.70 12.25
Headfire 11.14 13.38 11.69 14.20 12.60-:1-
TwifQi
Unburned 4.52 5.12 3.72 5.27 4.66
Backfire 4.82 8.33** 3.94 6.89 5.99**
Headfire 4.69 7.13 3.98 5.34 5.29
~SeeTables 56 and 60 for analyses of variance of leaves ar.d twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. ~VJ
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which wUoJ prior to the burn, had significantly higher calcium
levels in the backfire area compared to the unburned area
(Table 18). However, after the backfire treatment, the
,~:,~~m ontent in the leaves had decreased to levels
:,-. \~ \ ~nt·d area and the decrease
became statistically significant at the time of the September,
1975 collection. Calcium was also significantly lower in
the headfire area at the same date. Combining all sampling
periods showed sie;nifi 'al1'L <..l creases in calcium only by the
headfir ,
"he pattern of calcium response to burning in the twigs
was the same as the leaves with the exception that no
statistically significant difference was detected from
headfire treatment in the September, 1975 collection (Table 18).
Significant increases in the phosphorus content of the
leaves of sweetgum occurred only from backfire treatment
and only in the first collection following the burn
(Table 19). Thereafter, no differences were found at any
one collection date nor when all dates were combined.
The twigs, however, showed highly significant increases
in phosphorus from both backf.ire and headfire treatments at
the time of the first collection after the burn (Table 19).
Combining all sampling dates produced highly significant
increases in phosphorus from both burn treatments.
Table 18. Calcium content (percent of ovendry weight) in leaves and twigs of
sweetgum as influenced by three burning treatments
and date of collection.
Date of collection
Burning
Oct-74 June-76 Meantreatment June-75 Sept-75
Leaves
Unburned 1. 01 0.54 1.08 0.77 0.85
Bac·kfire 1.61** 0.49 0.51* 0.45 0.76
Headfire 0.86· 0.22 0.58* 0.31 0.50**
Twigs
Unburned
Backfire
Headfire
1. 61
2.40**
1.42
1.11
0.81
1.05
1.95
1.22*
1.35
1.56
1.10
1.10
1.56
1.38
1.23**
lSee Tables 57 and 61 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability.
+:-
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Table 19. Phosphorus content (percent of ovendry weight) in leaves and twigs of
sweetgum as influenced by ttree burning treatments
and date of collection.
Date of collection
Burning
treatment
Unburned
Backfire
Headfire
Oct-74
0.12
0.11
0.13
June-75 Sept-75 June-76 Mean
Leaves
0.15 0.11 0.14 0.14
0.21** 0.11 0.16 0.15
0.19 0.14 0.15 0.15
Twigs
Unburned
Backfire
Headfire
0.09
0.07
0.08
0.12
0.19**
0.19**
0.07
0.07
0.09
0.11
0.14
0.12
0.10
0.12**
0.12**
lSee Tables 59 and 63 for analyses of varia;.ce of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
-t::-
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Grape
Table 30 contains the results of chemical analysis of
six nutrients in the leaves and twigs of grape for all
treatments and dates of collection.
Significant increases in the protein content of grape
leaves from headfire treatment could be detected only after
all sampling dates were combined (Table 20). No changes
in protein levels occurred at any time after backfire
treatment.
Protein in the twigs of grape significantly responded
to backfire treatment in the first collection after the
burn (Table 20). Only backfire treatment significantly
increased protein levels in the twigs after all sampling
dates were combined.
Statistically significant changes from burning in the
calcium content of the leaves of grape could not be detected
at anyone collection date (Table 21). However, combining
all collections showed that both burning treatments
significantly decreased calcium in the leaves. Grape twigs
exhibited the same pattern of calcium response to burning as
found in the leaves.
Potassium in the leaves of grape was not significantly
affected by burning at anyone collection date, but the mean
of all collection dates showed a statistically significant
increase in potassium from the headfire (Table 22).
Table 20. Protein content (percent of ovendry weight) in leaves and twigs of
grape as influenced by three burni£g treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leaves
Unburned 7.94 11.84 10.39 10.92 10.28
Backfire 7.30 14.38 10.76 11. 78 11.06
Headfire 8.12 14.11 11. 02 11.83 11.27*
c--
Twigs
Unburned 4.12 5.55 4.33 5.88 4.97
Backfire 4.42 8.02* 3.72 6.95 5.78*
Headfire 4.84 7.44 3.97 6.16 5.60
l See Tables 64 and 68 for analyses of variance of leaves and twigs, respectively.
*Significant at the 0.05 level of probability.
-+:-
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Table 21. Calcium content (percent of ovendry wei~ht) in leaves and twigs of
grape as influenced by three burnl£g treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 Mean
Unburned
Backfire
Headfire
1.95
1.80
1.54
1.42
0.86
1.00
Leaves
1.91
1.31
1.32
1.21
0.86
0.76
1.62
1.21**
1.15~~*
Twigs
Unburned 0.92 0.66 0.96 0.78 0.83
Backfire 0.75 0.60 0.74 0.55 0.66**
Headfire 0.71 0.58 0.55 0.46 0.58**
lS ee Tables 65 and 69 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. +:-
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Table 22. Potassium content (percent of ovendry weight) in leaves and twigs of
grape as influenced by three burni~g treatments
and date of collection.
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76 l\jean
Unburned
Backfire
Headfire
0.87
0.99
1.06
1.16
1.44
1.30
Leaves
0.80
0.81
0.90
1.10
1.06
1.18
0.98
1.08
1.11*
Twigs
Unburned 0.87 1.25 0.88 1.46 1.11
Backfire 1.00 2.01** 0.92 1.54 1.36*
Headfire 1.00 1.46 1.05 1. 82 1.33-1:-
lS ee Tables 66 and 70 for analyses of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability. '-"o
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A different trend was found in the potassium content of
grape twigs in that highly significant increases from backfire
treatment occurred in the first sampling af,ter the burn
(Table 22). The mean of all collections showed that both
burn treatments increased potassium concentrations in the
twigs to statistically significant levels.
Phosphorus in the leaves of grape was significantly
increased by both burn treatments only in the first collection
following the burn (Table 23). Differences in the last two
collection periods fell below statistically significant
levels, but the increase was significant for both burning
treatments after averaging all sampling dates. Phosphorus
in the twigs of grape reacted to burning in the same
manner as the leaves.
Greenbrier
No statistically significant differences from burning in
either protein or phosphorus concentrations in the leaves
and twigs of greenbrier could be found. A summary of these
and the other nutrients analyzed for leaves and twigs is
contained in Table 31.
Calcium was significantly decreased by burning in the
(;:J. VUII of (~r(J \nbrlcr, bu'~ th differ nco cud b uo Loc Lod
only in the backfire area after all collection periods were
combined (Table 24). Statistically significant differences
from burning could not be found in the twigs at any time.
"Table 23. Phosphorus content (percent of ovendry weight) in leaves and twigs of
grape as influenced by three burnirg treatments
and date of collection.
Date of collection
Burning
~ - -- -
-- -----
treatment Oct-74 June-75 Sept-75 June-76 Mean
Leaves
Unburned 0.10 0.14 0.12 0.15 0.12
Backfire 0.08 0.22** 0.10 0.17 0.14*
Headfire 0.10 0.22** 0.13 0.18 0.16**
Twigs
Unburned'
Backfire
Headfire
0.08
0.08
0.09
0.10
0.20**
0.18**
0.08
0.07
0.09
0.12
0.13
0.14
0.09
0.12**
0.13**
l See Tables 67 and 71 for analysis of variance of leaves and twigs, respectively.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability.
V'\
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Table 24. Calcium content (percent of ovendry weight) in leaves of greenbrier
as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
treatment Oct-74 June-75 Sept-75 June-76
Unburned 1.47 0.84 1.31 1.16
-
.
Backfire 1.39 0.68 1.12 0.66
Headfire 1.28 0.80 1.30 0.92
Mean
1. 20
0.96**
1. 07
lSee Table 73 for analysis of variance.
**Significant at the 0.01 level of probability.
\..n
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Potncsium in the leaves of greenbrier wau not siL~ifi­
cantly affected by burning. However, the headfire reduced
potassium content of the twigs, resulting in highly significant
differences in the June, 1975 sampling following the March,
1975 burn (Table 25). The headfire was the only treatment
that decreased potassium in the twigs when all collection
dates were combined.
Table 25. Potassium content (percent of ovendry weight) in twigs of greenbrier
as influenced by three burning treatments
and date of collection. 1
Date of collection
Burning
Oct-74 Sept-75 June-76 Meantreatment June-75
Unburned 0.87 1.55
-
1. 24 1.53 1.30
Backfire 0.72 1. 72 1.14 1.52 . 1.27
Headfire 0.88 1.20** 1.10 1.29 1.12*
lS~e Table 78 for analysis of variance.
**Significant at the 0.01 level of probability.
*Significant at the 0.05 level of probability.
\..r\
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DISCUSSION OF RESULTS
Since litter is a primary source of nutrients for
plants (Lutz and Chandler, 1946), it was necessary to
determine its nutrient value in this study. The burning
treatment decreased the litter weight by more than one-half,
thereby releasing minerals and decreasing the time span
within which they would become available for plant use
(Woolridge, 1968). Variations in litter nutrient levels
among the treatment areas would possibly affect nutrient
concentrations available for plant use. Stand factors such
as hardwood basal area, litter weight, and variety of
vegetation also have been reported to affect calcium levels
in forest litter (Cuptis, 1974).
There were no substantial variations in site factors
found in this study among the treatment areas, except that
hardwood density was much greater on the unburned area.
However, since there was no corresponding variation in
the litter nutrient content, it was concluded that the
nutrient supplies would be similar among the treatments.
Each species was analyzed statistically for changes in
protein, calcium, potassium, ,and phosphorus levels because
these nutrients are considered important to the diet of
wildlife in southern forests. Protein and phosphorus,
especially, are normally inadequate for deer growth except
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during the spring (Lay, 1957; Blair and Halls, 1968, Blair
and Epps, 1969). Neither sodium nor magnesium appear to be
limiting nutrients in the diet of wildlife in southern
forests. Sodium, in fact, is not considered an essential
element in many plant species (Epstein, 1972; Gosz, Likens,
and Bormann, 1973). The six species were analyzed for
concentrations of sodium and magnesium in the leaves and
twigs, but neither nutrient was subjected to statistical
analysis.
No pattern was apparent that one treatment--backfire or
headfire--was more effective than the other in changing
concentrations of any or all nutrients. Analysis of the
effects of treatment alone showed that where statistically
significant changes in nutrient levels after burning occurred,
most often it was from both tre~tments. There were exceptions
to this trend, however, that were attributed to physiological
variations in plant samples among the treatment areas rather
than differences due to burning.
Differences in nutrient response caused by physiological
variations are to be expected under natural forest stand
conditions. Factors including age of the plant, stage of
seasonal growth, sunlight, dieback, and browsing by wildlife
will influence the nutrient content of a species at any
given time (Blair and Halls, 1968; Halls and Epps, 1969;
Blair and Epps 1969; Halls and Alcaniz, 1972; Leaf, 1973).
A few of the significant changes in nutrient content from
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burning reported by DeWitt and Derby (1955) were attributed
to physiological variations.
The statistically significant protein increases from
headfire treatment in grape and sweetgum leaves were probably
caused by such physiological variations. Protein concentra-
tions were higher in the leaves of both species on the head-
fire area before burning compared to the unburned area, yet
no differences were found in any collection period after
burning. Calcium content in the leaves and twigs of sweetgurn
on the backfire area before the burn was significantly
higher th~n on the unburned site. However, six months
after the burn, calcium was significantly lower on the
backfire area. One explanation might be that older, more
mature tissue was sampled on the backfire site than on the
other sites; after burning treatment, sampling was from new
tissue.
One objective of the study was to determine if differences
occurred between leaves and twigs in response to burning
treatment. Several studies have confirmed that burning
does affect nutrient content in plant species (Lay, 1957;
DeWitt and Derby, 1955), but it is not known which plant
fraction shows the greater response.
The similar patterns of protein response to burning
found in the leaves and twigs of Alabama supple jack
indicated a more enduring effect from the backfire treatment.
Both plant fractions contained significantly more protein in
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the backfire area over a year after the burn, whereas no
significant differences were detected in the headfire area
at that time. Highly significant increases in the phosphorus
content of leaves and twigs of American beautyberry,
flowering do.gwood, and grape resulted from both burning
treatments but only in the first sampling after the burn.
The tendency for phosphorus to be highly responsive to burning
but to have short lived effects was also reported by Lay
(1957).
More occurrences were found in which nutrient response
to burning was different between leaves and twigs than
instances in which they were similar. Protein in the twigs
of American beautyberry was highly responsive to both
burning treatments three months after the burn while the
leaves ~esponded to backfire treatment only at that time.
Two species, American beautyberry and grape, showed
statistically significant potassium increases in the twigs
from burning, but no significant differences at any time in
the leaves. Changes in potassium content of grape twigs
differed from the other species in that the element decreased
in concentration after burning treatment. No explanation for
the decrease is readily available. Sweetgum's two plant
fractions showed different trends in phosphorus response
to burning. The twigs increased in phosphorus to highly
significant levels after both burning treatments when all
sampling dates were combined. No significant difference for
60
phosphorus in the leaves was detected in the means of
either treatment.
Calcium was the only nutrient to consistently decrease
from burning and the only nutrient that showed a stronger
response in the leaves than in the twigs. Statistically
significant decreases were detected in American beautyberry
and greenbrier leaves from the mean of all collection dates,
but no differences were found in the twigs. Calcium was
significantly decreased in Alabama supple jack leaves in all
periods after the burn, while the twigs were lower only when
the dates were combined. Grape was an exception in that
both leaves and twigs showed significant calcium decreases
after burning.
Calcium is an immobile element in plants because it is
a component of the cell wall membrane and it tends to
accumulate in the fall as leaf and twig tissue mature.
Concentrations of calcium fo~nd in the leaves were above
those considered essential for healthy plant growth, and
this excess is in the form of "luxury consumption" (Epstein,
1972). Inverse relationships of calcium to other nutrients
have been reported by Peterson and Krackenberger (1954).
They found calcium decreased as concentrations of other
nutrients, such as potassium and phosphorus, increased. The
calcium decrease in American beautyberry, grape, and sweetgum
could possibly be attributed to a concurrent increase of other
nutrients. Stransky and Halls (1976) found an increase of
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calcium in September after a previous March burn. His
finding, however, contradicts both the results of Lay
(1957) and this study.
No apparent reason can be offered as to why calcium did
not respond as strongly in the twigs since other nutrients
were increased by burning in that plant fraction. Calcium
contents generally were lower in the twigs than in the leaves,
but no data was available concerning the concentrations
of calcium in twigs needed for healthy growth as was
found for the leaves.
Percentage changes in nutrient content were calculated
in both leaves and twigs when nutrient levels changed
significantly after burning in order to measure the
difference in response between the two plant fractions.
Protein, potassium, and phosphorus responses, when combining
both burn treatments, were greater in Alabama supplejack
twigs than in its leaves. Three months after the burn,
protin was increased 49 percent in the leaves and 85
percent in the twigs.. In the same collection, phosphorus
was increased 90 percent in the leaves and 1)1 percent in
the twigs. The mean of all collection dates showed a
potassium increase of 11 percent in the leaves while
concentrations in the twigs were increased 28 percent.
American beautyberry leaves and twigs showed phosphorus
increases three months after the burn of 42 percent and 71
percent, respectively. Phosphorus increases of 57 percent in
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erape leaves was considerably lower than the 90 percent
increase in the twigs at the first collection date after
the burn.
Less distinct differences between plant fractions were
found in the phosphorus contents of flowering dogwood and
sweetgum. The nutrient in dogwood leaves increased 55 per-
cent in June, 1975, while phosphorus in the twig fraction
increased 62 percent. Grape leaves were 40 percent higher
after burning in the same collection period, whereas the
twigs were 58 percent higher.
The immediate effects of burning, as indicated by
samples analyzed three months after the burn, was very
distinct between the two plant fractions I twigs showed a
stronger response than the leaves. This is very important
for deer nutrition, since twig tips are browsed by deer as
they consume leaves. The differences in burning response
narrowed between the two plant fractions as time progressed,
which was indicated by the general absence of significant
nutrient changes in either plant fraction of most species in
the last two collection periods.
The nutritive effects of burning were most pronounced
in the June, 1975 collection period, three months after the
burn. Alabama supple jack was the only species to show
statistically significant differences in protein, potassium,
and phosphorus at later collection periods. Significant
calcium differences were found in September, 1975 in both
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sweetgum fractions and Alabama supplejack leaves. It was
noted in the field that samples taken of Alabama supple-
:ack after burning were very succulent, consisting mainly
of n w prouts. The species appeared to show a stronger
physical response than the other species studied.
Lay (1957) found nutrient changes from a March burn
were highly significant in subsequent July collections,
but the effects on calcium and phosphorus diminished
within a year. Significant differences in protein could
be detected during the following year. However, the results
showed that the percentage increase from burning was greater
for phosphorus than protein. This study found phosphorus
responded greater than protein in five of the species.
Burning did not significantly affect either nutrient in
greenbrier. Significant increases in the protein content of
greenbrier from burning were reported by DeWitt and Derby
(1955), although the difference was absent in less than a
year after treatment.
No data could be found relating the effects of burning
on potassium concentrations of plants. Potassium appears to
be less affected by burning than other nutrients, as the
results of this study indicated. Flo~ering dogwood and
sweetgum showed no response in leaves or twigs. American
beautyberry and greenbrier leaves did not change signifioantly
in potassium after burning. The means of all oollection'
dates for both burning treatments showed significant
increases in potassium only in grape-twigs and Alabama
supple jack leaves and twigs.
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SUMMARY AND RECOMMENDATIONS
The results of this study support the findings of
previous investigations into the effects of prescribed burning
on nutrient content in plants (DeWitt and Derby, 1955;
Swank, 1956; Lay, 1957; Miller, 1963). Significant changes
in protein, calcium, potassium, and phocphoruv did occur
from burning treatment, although the response was varied
among species as well as between plant fractions within a
species. Both the headfire and backfire were effective in
altering nutrient concentrations, but occasional variations
in treatment were found depending on the nutrient, species,
and plant fractions. Such variations were apparently not· due
to the type of burn, but rather physiological differences
occurring under natural conditions.
Phosphorus was the most consistent of the nutrients
analyzed in responding to burning. Both plant fractions of
five species showed highly significant increases in phosphorus
from both burning treatmen.ts in June, 1975, three months after
the fire. Only greenbrier was not affected at any time.
Protein in the twigs of most species was also responsive
to burning. Percentage increases recorded for protein,
however, were not as high as those for phosphorus. Protein
increases in species leaves and twigs that were statistically
significant three months after the burn averaged 44 percent
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and 72 percent, respectively. Phosphorus increased 61
percent in the leaves and 88 percent in the twigs.
Calcium decreases from burning were stronger in the
leaves than in the twigs for most species. The calcium
content in the twigs of three species was not affected by
burning at any time, while calcium concentrations were not
changed in only one species' leaves. Potassium was considered
least responsive to burning. Leaves and twigs of two species,
and leaves of two other species showed no changes in
potassium after burning.
Alabama ·supplejack exhibited a stronger response to
burning than the other species .. All four nutrients analyzed
statistically were significantly changed in both plant
fractions by the two burning treatments when the collection
dates were combined. No other species showed such
consistent response. Significant changes in calcium and
phosphorus contents of Alabama supple jack were found in all
four collection periods. Percentage increases of protein
and phosphorus were higher than the other species.
Greenbrier showed the least nutrient response to fire as
the only signifi.cant differences found were in the potassium
content of the twigs and calcium content of the leaves.
With the exception of calcium, twigs showed greater
percentage increases in nutrient content from burning than
did the leaves. The difference in response between leaves
and twigG was more pronounced in Alabama supple jack and
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American beautyberry than in other species.
Statistically significant changes in nutrient content
from burning were most frequently detected in the first
sampling period after the burn. Lay (1957) and DeWitt and
Derby (1955) reported the greatest nutrient changes
occurred in the first few months after a burn and that the
effects generally diminish before subsequent burning
treatment. Previous studies have shown that plant species
respond strongly to the additional nutrient supply and
accelerated decomposition of organic matter provided by
burning (Lutz and Chandler, 1946; Hodgkins, 1958).
However, as Wells (1971) noted, nutrient levels in the soil
after low-intensity fires will normally regain the balance
present before burning within a year's time. Generally,
nutrient concentrattons in the plant species under study
also returned to pre-burn levels within a year after burning.
Several recommendations could be made for further studies
of this type that would benefit the research. Determination
of any difference in nutrient response from a headfire or
backfire would necessitate replications of each treatment
and applying each in more than one season. It is probable
that there is a measurable difference between the two
burning treatments beoause of the nature of each. Headfires
tend to burn fast and consume less litter than backfires,
which burn slowly, consuming more litter. In theory then,
backfires should result in the release of more nutrients
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which would be available for new vegetative growth.
Sample plot size should be increased so as to have a
greater abundance of each species selected for study. In
addition, greater statistical sensitivity would be obtained
with a larger number of sampling plots. Most natural pine
stands in East Texas have a large amount of variation in
tree and understory density which influence the potential
litter deposition and nutrient availability. More intensive
sampling would account for this variation. Sampling
should be made in the early summer in addition to the
fall before burning so that comparisons of the same
seasons in each treatment area could be made before and after
burning.
Further investigation is also needed to explain
calcium decreases from burning and its relation to other
nutrients after treatment. The literature appears to
point to a correlation between calcium decrease and increases
of other mineral elements, especially potassium.
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APPENDIX A
Understory Species Encountered
in the Study
Scientific and common names of trees, shrubs,
and vines are according to Vines (1960).
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Common name
Allegheny chinquapin
American holly
Black cherry
Carolina buckthorn
Common persimmon
Eastern redbud
Flatwoods plum
Hickory
Pawpaw
Red maple
Sassafras
Sparkleberry
Sugarberry
Winged elm
American beautyberry
Fringetree
Parsley hawthorn
Rusty blackhaw·
St. Andrew's cross
Southern wax-myrtle
Sumac
Yaupon holly
Carolina jessamine
Common poison ivy
Japanese honeysuckle
Southern blackberry
Virginia creeper
TREE SPECIES
Scientific name
Castanea pumila (L.) Mill.
Ilex opaca Ait.
Prunus serotina Ehrh.
Rhamnus caroliniana Walt.
Diospyros virginiana L.
Cercis canadensis L.
Prunus umbellata Ell.
Carya sp.
Asimina triloba (L.) Dunal
Acer rubrum L.
sassafras albidum Nees.
Vaccinium arboreum Marsh.
Celtis laevigata Willd.
Ulmus alata Michx.
SHRUB SPECIES
Callicarpa americana 1.
Chionanthus virginicus L.
Crataegus marshallii Egglest
Viburnum rufidulum Raf.
Ascyrum hypericoides L.
Myrica cerifera 1.
Rhus sp.
Ilex vomitoria Ait.
VINE SPECIES
Gelsemium sempervirens (L.) Ait.
Toxicondendron radicans
(1.) Kuntze
Lonicera japonica Thunb.
Rubus austrinus 1.H. Bailey
Parthenocissus guinguefolia
(L.) Planch.
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APPENDIX B
Nutrient Content
of Six Species
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Table 26. Mean nutrient content (percent of ovendry weight) in leaves and twigs of
Alabama supple jack by treatment and date of collection.
Plant Date of
fraction Treatment collection Protein Na1 Mg1 Ca K P
Leaves Unburned Oct-74 9.84 0.05 0.26 2.8) 1.24 0.09
June-75 10.75 0.04 0.)3 2.10 1.49 0.11
Sept-75 9.)) 0.0) 0.)1 ).25 1.)5 0.09
June-76 10.20 0.02 0.)6 2.18 1.52 0.11
Backfire Oct-74 10.8) 0.04 0.)4 2.81 1.06 0.09
June-75 15.89 0.06 0.)0 1. 01 1.92 0.20
Sept-75 12.00 0.07 0.)7 1. 71 1.48 0.12
June-76 14.46 0.02 0.)5 0.76 1.74 0.19
Headfire Oct-74 9.16 0.04 0.26 2.40 1.29 0.10
June-75 16.15 0.0) 0.)0 1.06 1.86 0.22
Sept-75 12.52 0.02 0.34 2.)2 1.29 0.1)
June-76 1).41 0.02 0.)2 0.89 1.86 0.20
Twigs Unburned Oct-74 4.10 0.04 0.12 1.)5 0.6) 0.06
June-75 5.46 0.0) 0.12 0.94 0.98 0.08
Sept-75 ).91 0.0) 0.12 1.64 0.58 0.06
June-76 6.10 0.02 0.16 0.69 1.18 0.12
Backfire Oct-74 4.08 0.04 0.1) 1.16 0.46 0.07
June-75 10.)8 0.08 0.17- 0.99 1.69 0.19
Sept-75 4.80 0.06 0.12 0.61 0.80 0.08
June-76 9.24 0.02 0.18
-
0.24 1.54 0.16
Headfire Oct-74 4.61 0.04 0.11 1.05 0.64 0.07
June-75 9.79 0.06 0.16 0.)6 1.29 0.18
Sept-75 4.56 0.02 0.12 0.92 0.69 0.08
June-76 8.60 0.02 0.25 0.)9 1.54 0.19
l Not subjected to statistical analysis.
-....:l
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Table 27. Mean nutrient content (percent of ovendry weight) in leaves and twigs of
American beautyberry by treatment and date of collection.
Plant Date of
Na1 Mg1fraction Treatment collection Protein Ca K P
-
Leaves Unburned Oct-74 9.25 0.07 0.41 1.85 1. 85 0.14
June-75 14.96 0.03 0.43 0.84 2.67 0.1
Sept-75 10.68 0.03 0.43 1.31 1. 86 0.14
June-76 15.95 0.02 0.39 0.79 2.76 0.20
Backfire Oct-74 8.74 0.06 0.41 1. 91 1. 76 0.10
June-75 20.72 0.05 0.36 0.41 2.79 0.2
Sept-75 10.67 0.04 0.40 0.99 1. 98 0.13
June-76 17.70 0.02 0.41 0.35 2.12 0.23
Headfire Oct-74 8.03 0.05 0.43 1. 72 1. 80 0.12
June-75 16.13 0.02 0.40 0.27 2.44 0.25
Sept-75 11.13 0.02 0.38 1. 21 1. 89 0.19
June-76 15.66 0.02 0.40 0.43 2.36 0.22
Twigs Unburned Oct-74 6.64 0.04 0.16 0.56 0.93 0.09
June-75 8.11 0.04 0.22 0.42 2.55 0.14-
Sept-75 5.54 0.02 0.20 0.56 1. 26 0.08
June-76 8.64 0.02 0.23 0.42 2.52 0.15
Backfire Oct-74 6.72 0.04 0.16 0.60 0.76 0.0
June-75 13.39 0.05 0.30 0.30 3.22 0.24-
Sept-75 5.67 0.03 0.20 0.54 1.34 0.09
June-76 9.98 0.02 0.28 0.35 2.24 0.17
Headfire Oct-74 6.64 0.03 0.15 0.43 0.87 0.08
June-75 12.48 0.02 0.34 0.34 3.22 0.24-
Sept-75 6.06 0.02 0.18 0.57 1. 20 O.~_
June-76 9.77 0.01 0.29 0.38 2.48 0.19
l Not subjected to statistical analysis. ~
~
Table 28. Mean nutrient content (percent of ovendry weight) in leaves and twigs of
flowering dogwood by treatment and date of collection.
Plant Date of
Nal Mglfraction Treatment collection Protein Ca K P
Leaves Unburned Oct-74 8.08 0.02 0.32 4.39 0.69 0.09
June-75 9.17 0.02 0.42 4.24 0.99 0.10
Sept-75 7.88 0.02 0.40 4.39 0.76 0.09
June-76 9.08 0.02 0.47 4.10 0.85 0.10
Backfire Oct-74 8.44 0.02 0.37 4.61 0.58 0.09
June-75 11. 74 0.04 0.43 3.91 1. 28 0.15
Sept-75 8.08 0.02 0.40 4.46 0.81 0.09
June-76 10.72 0.02 0.44 4.08 0.94 0.12
Headfire Oct-74 8.77 0.03 0.30 4.09 0.64 0.10
June-75 14.08 0.02 0.42 3.77 1. 08 0.. 16
Sept-75 8.63 0.01 0.34 4.54 0.78 0.11
June-76 9.99 0.02 0.43 3.98 0.99 0.12
Twigs Unburned Oct-74 4.03 0.04 0.26 2.92 0.68 0.08
June-75 4.64 0.04 0.26 2.51 1. 26 0.08
Sept-75 3.80 0.04 0.28 2.71 0.75 0.07
June-76 4.30 0.03 0.36 2.49 0.94 0.07
Backfire Oct-74 5.02 0.03 0.29 2.81 0.56 0.08
June-75 6.58 0.08 0.38 J.15 1. 31 0.13
Sept-75 4.98 0.07 0.28 3.11 0.93 0.08
June-76 5.81 0.03 0.36 2.50 1.14 0.09
Headfire Oct-74 4.91 0.03 0.26 2.85 0.68 0.08
June-75 6.36 0.04 0.34 2.45 1. 27 0.13
Sept-75 4.89 0.02 0.24 3.16 0.80 0.09
June-76 4.74 0.02 0.39 2.70 1. 24 0.09
l Not subjected to statistical analysis.
--J
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Table 29. Mean nutrient content (percent of ovendry weight) in leaves and twigs o~
sweetgum by treatment and date of collection.
Plant Da,te of
Nal Mglfraction Treatment collection Protein Ca K P
Leaves Unburned Oct-74 10.60 0.02 0.37 1.01 0.78 0.12
June-75 12.73 0.03 0.32 0.54 1. 23 0.15
Sept-75 9.94 0.02 0.44 1. 08 0.86 0.11
June-76 12.00 0.02 0.33 o. '17 1.04 0.14
Backfire Oct-74 9.62 0.02 0.42 1. 61 0.75 0.11
June-75 13.75 0.05 0.25 0.1.1-9 1. 50 0.21
Sept-75 10.91 0.04 0·32 0.51 0.90 O.~~
June-76 14.70 0.02 0.30 o. /-1-5 1. 02 0.16
Headfire Oct-74 11.14 0.02 0.36 0.136 0.93 0.13
June-75 13.38 0.·03 0.24 0.22 1. 20 0.19
Sept-75 11.69 0.01 0.30 0.58 0.87 0.14
June-76 14.20 0.01 0.26 O.Jl 1.11 0.15
Twigs Unburned Oct-74 4.52 0.03 0.33 1.61 0.51 0.09
June-75 5.12 0.06 0.17 1.11 1. 25 0.12
Sept-75 3.72 0.02 0.28 1.95 0.66 0.07
June-76 5.27 0.02 0.20 1. 56 1. 22 0.11
Backfire Oct-74 4.82 0.02 0.27 2.40 0·30 0.07
June-75 8.33 0.07 0.21 O.Bl 1.64 0.19
Sept-75 3.94 0.04 0.22 1. 22 0.78 0.07
June-76 6.89 0.03 0.24 1.10 1. 36 0.14
Headfire Oct-74 4.69 0.02 0.24 1. 42 0.52 0.06
June-75 7.13 0.06 0.20 1.05 1. 21 0.19
Sept-75 3.98 0.02 0.21 1. 35 0.72 0.09
June-76 5.34 0.02 0.18 1.10 1. 22 0.12
l Not subjected to statistical analysis. --.:J
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Table 30. Mean nutrient content (percent of ovendry weight) in leaves a:.d twigs of
grape by treatment and date of collection.
Plant Date of
Na1 Mg1fraction Treatment collection Protein Ca. K p
Leaves Unburned Oct-74 7.94 0.05 0.23 1.9'5 0.87 0.10
June-75 11.84 0.04 0.24 1.4·2 1.16 0.14
Sept-75 10.39 0.03 0.29 1.9'1 0.80 0.12
June-76 10.92 0.02 0.20 1.2:1 1.10 0.15
Backfire Oct-74 7.30 0.06 0.25 1.80 0.99 0.08
June-75 14.38 0.05 0.22 0.86 1.44 0.22
Sept-75 10.76 0.05 0.28 1.3:1 0.81 0.10
June-76 11. 78 0.03 0.20 0.86 1. 06 0.17
Headfire Oct-74 8.12 0.04 0.24 1.54 1. 06 0.10
June-75 14.11 0.03 0.24 1.00 1. 30 0.22
Sept-75 11. 02 0.02 0.21 1.3,2 0.90 0.13
June-76 11. 83 0.02 0.20 0.76 1.18 0.18
Twigs Unburned Oct-74 4.12 0.04 0.13 0.92 0.87 0.08
June-75 5.55 0.04 0.19 0.66 1. 25 0.10
Sept-75 4.33 0.02 0.18 0.96 0.88 0.08
June-76 5.88 0.02 0.19 0.78 1.46 0.12
Backfire Oct-74 4.42 0.04 0.14 0.75 1. 00 0.08
June-75 8.02 0.06 0.29 0.60 2.01 0.20
Sept-75 3.72 0.05 0.23 0.74 0.92 0.07
June-76 6.95 0.02 0.27 0.55 1.54 0.13
Headfire Oct-74 4.84 0.03 0.15 0.71 1. 00 0.09
June-75 7.44 0.07 0.27 0.58 1.46 0.18
Sept-75 3.97 0.02 0.17 0.55 1. os. 0.09
June-76 6.16 0.01 0.21 0.4·6 . 1.82 0.14
l Not subjected to statistical analysis. co0
Table 31. Mean nutrient content (percent of ovendry weight) in leaves and twigs of
greenbrier by treatment and date of collection.
-
Plant Date of
Na l Mglfraction Treatment collection Protein Ca K P
Leaves Unburned Oct-74 15.55 0.04 0.17 1.47 1.17 0.13
June-75 18.22 0.04 0.20 0.84 1. 59 0.15
Sept-75 14.61 0.03 0.21 1. 31 1. 29 0.11
June-76 15.88 0.02 0.20 1.16 1. 53 0.15
Backfire Oct-74 16.66 0.04 0.16 1.39 1. 24 0.13
June-75 18.14 0.04 0.19 0.68 1. 76 0.16
Sept-75 15.10 0.07 0.20 1.12 1.36 0.10
June-76 19.11 0.04 0.19 0.66 1.48 0.18
Headfire Oct-74 17.38 0.03 0.16 1. 28 1.16 0.14
June-75 17.31 0.03 0.19 0.80 1.54 0.20
Sept-75 16.05 0.02 0.18 1. 30 1. 20 0.13
June-76 16.80 0.02 0.18 0.92 1.54 0.16
Twigs Unburned Oct-74 5.14 0.04 0.13 0.22 0.87 0.07
June-75 7.28 0.05 0.09 0.14 1.55 0.13
Sept-75 5.20 0.02 0.12 0.16 1.24 0.08
June-76 6.61 0.02 0.10 0.12 1. 53 0.13
Backfire Oct-74 5.03 0.04 0.13 0.22 0.72 0.07
June-75 8.68 0.04 0.13 0.15 1. 72 0.13
Sept-75 5.38 0.06 0.12 0.14 1.14 0.07
June-76 8.77 0.02 0.11 0.08 1. 52 0.14
Headfire Oct-74 5.33 0.04 0.15 0.15 0.88 0.08
June-75 8.75 0.06 0.11 0.20 1. 20 0.11
Sept-75 6.30 0.02 0.14 0.24 1.10 0.09
June-76 7.82 0.02 0.09 0.16 1. 29 0.12
1Not subjected to statistical analysis. cot->
APPENDIX C
Analysis .of Variance of Four
Nutrients in Leaves and
Twigs of Six Species
·""l:·Significant at the 0.01 level of probabili ty.
~~Significant at the 0.05 .level of probability.
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Table 32. Analysis of variance for protein in leaves of
Alabama supple jack.
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Source of Degrees of
variation freedom Mean square F
Treat 2 49.608154 24.248.;:-*
Time 3 41.349640 20.212**
Treat x Time 6 7;212705 3.526-::-*
Residual 36 2.045830
Total 47 7.238114
Table 33. Analysis of variance for calcium in leaves of
Alabama supple jack.
Source of Degrees of
variation freedom Mean square F
Treat 2 5.0232687 42. 907*~r
Time 3 6.1291246 52.352**
Treat x Time 6 .5245215 4.480**
Residual 36 .1170743
Total 47 .7616109
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Table 34. Analysis of variance for potassium in leaves of
Alabama supple jack.
Source of Degrees of
variation freedom Mean square F
Treat 2 .14396352 9.652**
'rime 3 .8544.5976 57.289**
Treat x Time 6 .096.53931 6.473**
Residual 36 . .01491477
Total 47 .084414-,30
Table 35. Analysis of variance for phosphorus in leaves of
Alabama supple jack.
Source of Degrees of
variation freedom Mean square F
!].'reat 2 .01847886 78.420**
Time 3 .02120902 90.007**
'Treat x Time 6 .O027065~ 11.486 **
Residual '36 .. .00023563
Total 47 _0029,99::1.9
Table 36. Analysis of variance for protein in twigs of
Alabama supple jack.
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Source of Degrees of
varia ion freedom Mean square F
Treat 2 24.t08353 19.975**
Time 3 62.. 057770 51.417**
Treat x Time 6 5.668248 4.696**
Residual 36 1.206956
Total 47 6.635108
Table 37. Analysis of variance for calcium in twigs of
Alabama supple jack.
Source of Degrees of
Variation freedom Mean square F
Treat 2 1.0388994 5.982**
Time 3 1.3331566 7.676**
Treat x Time 6 .2858425 1.646
Residual 36 .1736767
Total 47 .2988231
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Table 38. alysis of variance for potassium in twies of
Alabama supplejack.
Source of Degrees of
variation freedom l'iean square F
Treat 2 • 3308L~07 10. 006 -lH~
Time 3 2.2156334 67.013-'':--;;'
Treat x Time 6 .1452927 4. 394·IH~
Residual 36 ..0330626
Total 47 .1993744
Table 39. Analysis of variance for phosphorus in twigs of
Alabama supple jack.
Source of Degrees of
variation freedom Mean square F
Treat 2 .01160234 15. 293-!H-
Time 3 .02835387 37. 374*-l}
Treat x TOme 6 .00259346 3.417 0 ::-.;:-
Residual 36 .00075864
Total 47 .00321558
Tabl 40. Analysis of variance for p otein in leaves of
merican beautyberry.
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Sou ce 0: Degrees of
v iation freedom IIean square F
Treat 2 16.047272 4.411*
Time 3 212.488280 .58. 410-l:-*
Tr at x Time 6 9.241694 2 . .540*
Residual 36 3.637878
Total 47 18.212189
Table 41. Analysis of variance for calcium in leave~ of
American beautyberry.
Source of Degrees of
vcriation freedom Mean square F
Treat 2 .428233 10.183**
Ti e 3 4.7.58986 113.1.59**
Treat x Time 6 .092936 2.210
Residual 3p .0420.5.5
Total 47 .366064
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Table 42. Analy i of variance for potassium in leaves of
American beautyberry.
Source of Degrees of
variatio.l freedom lVean square F
Treat 2 .118611 .972
Time 3 1. 892730 15.518**
Treat x Time 6 .152792 1.253
Residual 36 .121969
Total 47 .238788
Table 43. nalysis of variance for phosphorus in leaves of
American beautyberry.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00408818 8.530**
Time 3 .03134506 65.404**
Treat x Time 6 .00389443 8.126**
Residual 36 .00047925
Total 47 .00303896
Table 44. Analysis of variance for protein in twigs of
American beautyberry.
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Source of Degrees 00&'
v iation f eedom ean Square F
Treat 2 1).615295 8. 719~-~'
Time ) 79.506012 50.916**
Treat x Time 6 6.901176 4.420**
Residual )6 1.561515
Total 47 7.731284
Table 45. Analysis of variance for calcium in twigs of
American beautyberry.
Source of Degrees of
variation freedom ean square F
Treat 2 .0142295 1.236
TOme 3 .1260833 10.9540;<-*
Treat x Time 6 .0128499 1.116
Residual 36 .0115102
Total 47 .0191101
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Tole 46. Analysis of vari 1ce o. potassium in twies of
American beautyberry.
Source of Degrees of
variation free om ean square
Treat 2 .064514 .888
irne 3 11.833852 162.859-::·-:;-
Treat x Ti e 6 .223559 3.077*
Residual 36 .072663
rrotal 47 .842293
Table 47. Analysis of variance for phosphorus in twigs of
American beautyberry.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00635697 11.305**
Time 3 .04375646 77. 816-:H l-
Treat x 'rime 6 .00283471 5.041**
Residual 36 .00056230
rEotal 47 .00385605
Table 48. Analysis of vari~nec for protein in leave~ of
flowering dogwood.
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Source of Degrees of
variation freedom Mean square F
Treat 2 13.611427 7.506**
Time 3 30.816284 16. 994-:r*
Treat x Time 6 4.766415 2.628*
Resi ual 36 1.813368
Total 47 4.543648
Table 49. Analysis of variance for calcium in leaves of
flowering dogwood.
Source of Degrees of
variation freedom Mean square F
Treat 2 .17323881 .996
Time 3 .67773819 3.895*
Treat x Time 6 .12542725 .721
Residual 36 .17401868
Total 47 .19993460
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T~bl 50. Analy~is of vari~nce for poLa~Gium in leaves of
flowerinG doewood.
Source of Degrees of
variation freedom Mean square F
'r cat 2 .02618638 1.973
'I'i e 3 .49406874 37.221**
Treat x Time 6 .03080484 2·321
esi ual 36 .01327403
otal 47 .04675049
Table 51. ,Analysis of variance for phosphorus in leaves of
flowering dogwood.
S0urce o'f Degrees of
variation freedom Mean square F
Treat 2 .00236338 11.873-::-*
Time 3 .00452604 22. 737-1H:-
Treat x Time 6 .00060434 3.036*
Residual 36 .00019905
Total 47 .00061908
Table 52.
9.3
nalysis of variance for protein in the twies of
flowering dogwood.
Source of DeGrees o:f
variation freedom Mean square F
Treat 2 8.4740829 14.333**
Time 3 4.2379513 7.168**
Treat x Time 6 '01'452.3297 .765
Residual .36 .5912.386
Total 47 1.1417141
Table 53. Analysis of variance for calcium in the twirgs of
flowering dogwood.
Source of Degrees of
variation freedom Mean square F
Treat 2 .22060764 1.355
Time 3 .42290115 2.597
Treat x Time 6 .22988701 1.412
Residual 36 .16285.360
Total 47 .19046742
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Table 54. Analy is of variance for potassium in the twies
of flowering do~ood.
Source of Degrees of
variation freedom Mean square F
Treat 2
.03715303 1.192
Time 3 .99707377 31.977**
Treat x Time 6 .03764870 1.207
Residual 36 .03118088
Total 47 .09391337
Table 55. Analysis of variance for phosphorus in twigs of
flowering dogwood.
Source of Degrees of
variation freedom Mean square F'
Treat 2 .00257979 10.453**
Time 3 .00348030 14.102**
Treat x Time 6 .00050781 2.058*
Residual 36 .00024680
Total 47 .00058579
Table 56. nalysis of variance for protein in leaves of
sweetgum.
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Source of Degrees of
variation freedom Mean square F
Treat 2 7.080482 4.525*
Time 3 32.184113 20.569**
Treat x Time 6 2.573593 1.645
Residual 36 1.564716
Total 47 3.882652
Table 57. Analysis of variance for calcium in leaves of
sweetgum.
Source of Degrees of
variation freedom Mean square F
Treat 2 .5539555 13. 758*~<
Time 3 1. 3184071 32.744**
Treat x Time 6 .2675383 6.645**
Residual 36 .0402639
Total 47 .1727205
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Table 58. Analysis of variance for potassium in leaves of
sweetgum.
Source of Degrees of
variation freedom Mean square F
Treat 2 .02010793 .965
Time 3 .58502924 28.063-)}*
Treat x Time 6 .04589983 2.202
Residual 36 .02084663
Total 47 .06002513
Table 59. Analysis of variance for phosphorus in leaves of
sweetgum.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00048811 .957
Time 3 .00853039 16.720**
Treat x Time 6 .00267122 5. 236·lH'~
Residual 36 .00051018
Total 47 .00129705
Table 60.
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nalysis of variance for protein in twigs of
sweetgum.
Source of Degrees of
variation freedom Mean square
Treat 2
·7.150528
Time 3 20.501160
Treat x Time 6 2.284937
Residual 36
.690883
Total 47 2.433743
F
10. 350-l:'*
29.674*-)(-
3.307*
Table 61. Analysis of variance for calcium in twigs of
sweetgum.
Source of Degrees of
variation freedom Mean square F
Treat 2 .4260975 6.350-l:·*
Time 3 1. 4874315 22.166**
Treat x Time 6 .5463668 8.142**
Residual 36 .0671034
Total 47 .2342216
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Table 62. Analysis of variance for potassium in twies of
sweetgum.
Source of Degrees of
variation freedom Mean square F
rrreat 2 .0612]28 1 . .516
Time 3 2.317.5411 .57.361-::·':1-
Treat x Time 6 .0889189 2.201
Residual 36 .0404023
Total 47 .1928317
Table 63. Analysis of variance for phosphorus in twigs of
sweetgum.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00273089 7.4.54**
Time 3 .01974126 53. 884*'~
Treat x Time 6 .00214822 5. 864~,}*
Residual 36 .00036636
Total 47 .00193114
Table 64. nalysis of variance for protein in leaves of
grape.
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Source of Degrees of
variation freedom Mean square F
Treat 2 4.392968 4.624*
Time 3 66.235153 69. 72Y·Hl-
Treat x Time 6 1.846791 1.944
Residual 36 .949954
Total 47 5.378095
Table 65. Analysis of variance for calcium in leaves of
grape.
Source of Degrees of
variation freedom Mean square F
Treat 2 1. 0672979 13.211**
Time 3 1.7113562 21.182**
Treat x Time 6 .0520796 .645
Residual 36 .0807911
Total 47 .2231834
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Table 66. Analysis of variance for potassium in leaves of
grape.
Source of Degrees of
variation freedom Mean square F
rrreat 2 .07657086 L~. 842*
Time 3 .47044528 29.748**
Treat x Time 6 .02395988 1.515
Residual 36 .01581435
Total 47 .04845858
Table 67. Analysis of variance for phosphorus in leaves of
grape.
Source of Degrees ~+'U..L
variation freedom Mean square F
Treat 2 .00421139 11. 241-~*
Time 3 .02398824 64. 03 2-lH'r
Treat x Time 6 .00205400 5.483-:1--)1-
Residual 36 .00037463
Total 47 .00225953
("
Table 68. Analysis 0 variance for protein in twigs of
grape.
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Source of Degrees of
variation freedom Mean square F
Treat 2 2.896949 4.187~~
Time 3 24.936935 36.046**
Treat x Time 6 1.965411 2.841*
Residual 36 .691815
Total 47 2.495798
Table 69. Analysis of variance for calcium in twigs of
grape.
Source of Degrees of
variation freedom Mean square F
Treat 2 .26929164 13. o84-lH:-
Time 3 .11930549 5. 797·:1.. ~-
Treat x Time 6 .. 02164256 1.052
Residual 36 .02058097
Total 47
.03760149
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T ble 70. AnaIYGis of variance for potassium in twies of
grape.
Source of De rrrees of
variation freedom Mean square F
'rreat 2 .2925037 5.182*
'l'i me 3 1.6355839 28.973**
Treat x Time 6 .1717072 3.042*
Residual 36 .0564512
Total 47 .1820052
Table 71. Analysis of variance for phosphorus in twigs of
grape.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00472319 9.216**
Time 3 .01829210 35.692-';")(-
Treat x Time 6 .00288153 5.623**
Residual 36 .. 00051249
Total 47 .00212897
Table 72. nalysis of variance for protein in leaves of
greenbrier.
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Source of Degrees of
variation freedom Mean square F
Treat 2 5.909930 2.723
Time 3 15.424901 7.108-x-*
Treat x Time 6 3.911531 1.802
Residual 36 2.170169
Total 47 3.397656
Table 73. Analysis of variance for calcium in leaves of
greenbrier.
Source of Degrees of
variation 'freedom Mean square F
Treat 2 .21980733 8.169-**
Time 3 .94889736 35.267**
Treat x Time 6 .04797617 1.783
Residual 36 .02690606
Total 47 .09665495
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Table 74.. nalysis of variance for potassium in leaves of
greenbrier.
Source of Den-ree::; of
v iation freedom Mean square .'
Treat 2 .04343378 2.509
Time 3 .49492484 28. 585*-)l-
Treat x Time 6 .01590031 .918
Residual 36 .01731395
Total 47 .04873078
Table 75. Analysis of variance for phosphorus in leaves of
greenbrier.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00175696 3.258
ime 3 .00717244 13.301**
Treat x Time 6 .00085837 1.592
Residual 36 .00053922
Total 47 .00105518
Table 76. Analysis of variance for protein in twif,s of
greenbrier.
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source of Degrees of
variation freedom Mean square F
Treat 2 4.804097 2.905
Time 3 27.763412 16.790-1':*
Treat x Time 6 1.363942 .825
Residual 36 1.653578
Total 47 3.417254
Table 77. Analysis of variance for calcium in twigs of
greenbrier.
Source of Degrees of
variation freedom Mean square F
Treat 2 .00676269 2.545
Time 3 .01352655 5. 091';~*
Treat x Time 6 .00804074 3. 026~k
Residual 36 .00265708
Total 47 .00421286
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Table 78. nalysis of variance for potassium in twigs of
greenbrier.
Source of DeGrees of
variation freedom Mean square F
Treat 2 .1543592 4.339"':-
Time 3 1.1310654 31.792-:;-*
Treat x Time 6 .0853774 2.400*
Residual 36 .0355772
Total 47 .1169140
Table 79. Analysis of variance for phosphorus in twigs of
greenbrier.
Source of Degrees of
variation freedom Mean square F
Treat 2 . 00001L~64 .042
Time 3 .01078342 30.708**
Treat x Time 6 .00037942 1.080
Residual 36 .00035116
Total 47 .00100633
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ABSTRACT
The objectives of this study were to determine whether
prescribed burning affected nutrient levels in leaves and
twigs of six species and whether there were differences in
response between leaves and twigs. Backfire and headfire
treatments were used to deter.mine differences between
burning techniques.
Samples were collected in October, 1974. The burn
was in March, 1975 and post-burn sampling was in June, 1975,
September, 1975, and June, 1976. Leaf and twig tissue were
analyzed for contents of protein, calcium, potassium, and
phosphorus and then subjected to statistical analysis.
No difference was found between burning techniques.
Protein and phosphorus increased and calcium decreased
significantly in most species three months after the burn,
but the effects diminished thereafter. Potassium response
was small in relation to other nutrients.
Nutrient response was greater in twigs than leaves
except for calcium. Only Alabama supple jack had significant
nutrient differences in June, 1976.
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